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ABSTRACT: Cold spraying is a novel material deposition process in which micron size 
particles are accelerated to supersonic velocity on to a metallic substrate to obtain thick and 
dense coatings. Unlike other thermal spray coatings, the bonding mechanism is completely 
different. In conventional thermal spray techniques, melting and solidification upon impact 
dominates the bonding mechanism. In cold spraying, Plastic deformation induced adiabatic 
shear instability governs the bonding process in which adiabatic temperature rise, plastic 
strain at interface and flow stress collapse play a crucial role. Variety of material including 
pure metals, alloys, composites and cermets have been deposited using cold spraying for 
variety of applications. In this article, a brief introduction about the bonding mechanism 
and potential applications of cold spraying is being discussed.  
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1. Introduction  
 In the last decade, cold spraying has emerged as a 
novel coating technique for deposition of high density 
metallic coatings used for variety of applications. This 
process involves deposition at relatively very low 
temperature and high pressure compared to other thermal 
spray techniques thus avoids adverse effects such as 
oxidation and phase transformation. In cold spraying micron 
size metallic or alloy powders are accelerated through De-
Laval type converging – diverging nozzle to supersonic 
velocity by compressed Air/Nitrogen/Helium. The 
accelerated high velocity metallic particles impacts on to the 
metallic substrate to obtain thick high dense coatings. In 
general, the degree of plastic deformation determines the 
inter-splat bonding in the coating. The bonding mechanism 
is unique in the cold spray process as this is the only 
technique among all thermal spray variants in which the 
feedstock is in fully solid state at the moment of impact with 
the substrate or already deposited layers without any 
oxidation and / or phase transformation. 
2. Bonding mechanism 
 Upon impact, both feedstock and substrate 
undergoes severe plastic deformation. The bonding time is 
typically few nano seconds. The bonding mechanism is 
generally governed by the plastic deformation induced 
adiabatic temperature rise, exponential increase in plastic 
strain and collapse of flow stress to near zero at impacting 
interfaces. This phenomena is called as adiabatic shear 
instability [1, 2]. In other words, the initial kinetic energy of 
the impacting particle is dissipated into plastic dissipation 
energy. A small portion of the elastic strain energy is also 
inevitable which adversely influences the bonding process. 
In general, the ratio between the plastic deformation energy 
and elastic strain energy gives an estimation of bonding. The 
interface temperature generally goes to the near melting 
temperature of impacting bodies upon impact. In other 
words, during the impact, the material undergoes strain and 
strain rate hardening and the combined effect competes with 
thermal softening effect. When the thermal softening 
dominates over hardening due to strain and strain rate, 
bonding occurs. The velocity of the impacting particle 
decides the quantum of thermal softening and strain and 
strain rate hardening. Critical velocity is a velocity at which 
thermal softening dominated over stain hardening thus 
generates bonding upon impact. For a successful cold spray 
deposition, feedstock must be accelerated above its critical 
velocity. 
3. Understanding bonding mechanism 
 It is very difficult to understand the bonding process 
since the bonding is highly localised. High resolution 
microscopy methods such as Focussed Ion Beam (FIB) 
assisted Transmission Electron Microscopy (TEM) techniques 
are being used to understand the bonding states. Owing to 
the computational simulation facility, the bonding process in 
cold spraying can be easily predicted by high speed 
computing. For this purpose, Johnson – Cook constitutive 
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Fig.1. Deformed Splat (a) and Crater (b) of copper 
Equation [3] which governs the metal plasticity can be 
applied which is shown as below, 
𝜎 = [𝐴 + 𝐵𝜀𝑝
𝑛] [1 + 𝐶 𝑙𝑛 (
𝜀?̇?
𝜀0̇
)] [1 − (𝑇∗)𝑚] 
 This equation takes care of strain hardening, strain 
rate hardening and thermal softening of the impacting 
impacts during deformation. The high strain rate materials 
data used in the equation may be derived from extreme 
experiments such as split-Hopkinson bar test. Fig.1a and 
Fig.1b show the deformed particle and substrates 
respectively. The jetted portion undergoes the adiabatic shear 
instability process. 
4. Cold spraying process 
 Compressed gas is used to accelerate the powder 
particles through de-Laval nozzle. For this very purpose, the 
process gas is slightly preheated for the purpose of 
expansion. Stagnation pressure and stagnation temperature 
of the gas are two primary variables to obtain cold spray 
coatings. Apart from these, other variable such as powder 
size, density, standoff, design of nozzle, spray angle, powder 
– substrate combination often plays a crucial role to obtain 
optimized coating for possible applications. Accelerated 
powder deforms and forms a splat and all splats together 
form dense pore free thick metallic coatings. Fig.2a and 
Fig.2b shows the copper splat and coating cross section 
respectively. One can show the deformed splat with jetted 
portion at the periphery and flattened splats in the coatings. 
5. Applications of cold spray coatings 
 A wide variety of materials such as metals, alloys, 
composites and cermets have already been deposited using 
cold spray technique [4-7]. Aerospace, automotive, defence 
and other sectors are actively involved in adopting cold spray 
technique as one among their important processing 
techniques. Since cold spraying is one among the high rate 
deposition process, this technique can be employed into 
additive manufacturing, rapid prototyping etc. 
 A considerable attention is being given to repairing 
industrial components for enhancing their life. Apart from 
the above, traditional overlay coatings for functional 
applications such as electrical conductive coatings, corrosion 
resistance coatings are being developed using cold spray 
techniques. Presently many industries and researchers 
globally are under perusal to develop neomaterial coatings 
such as bulk metallic glasses, High entropy alloys, functional 
metal matrix composites and high temperature carbides for 
possible industrial and strategic applications. 
Fig.2. SEM images of copper (a) splat and (b) coating 
Fig.3 SEM microstructures of cold sprayed (a) Ag, (b) Nb, (c) 
NiCr-Cr3C2 and (d) Al-SiC  
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